A TRIAL FIBRILLATION is the most common arrhythmia following cardiac surgery, occurring in 20% to 40% of patients. 1 It is associated with increased morbidity and resource utilization. 2 Many perioperative risk factors such as age, a history of atrial fibrillation, chronic lung disease, and valve surgery, 1 have been identified; however, few are modifiable.
In the nonsurgical population, sleep apnea is associated with cardiovascular morbidity, 3, 4 including atrial fibrillation.
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Repeated episodes of hypoxemia and hypercarbia can lead to autonomic dysfunction 6 and increased inflammatory cytokines. 7 Sudden and repeated changes in intrathoracic pressure may contribute to deleterious atrial remodeling, predisposing patients to atrial fibrillation. 8, 9 Using an animal model of obstructive sleep apnea (OSA), Iwasaki et al observed an association between cardiac remodeling and conduction disturbances, with atrial fibrillation inducibility in animals with OSA. 10 OSA and perioperative morbidity have been well studied in other surgical settings. [11] [12] [13] However, the relationship between OSA and morbidity after cardiac surgery less understood. Two small, single-center studies in patients undergoing coronary artery bypass grafting (CABG) suggested a relationship between OSA and postoperative atrial fibrillation (POAF). 14, 15 However, given smaller sample sizes and data limited to patients undergoing only CABG surgery, the relationship between OSA and post-cardiac surgery morbidity requires further characterization. With a larger sample size, the authors' objectives were to (1) test the hypothesis that OSA is an independent predictor of POAF in patients undergoing CABG and/or valvular surgery and (2) explore associations between OSA and postoperative complications in cardiac surgery.
METHODS AND MATERIALS
This retrospective cohort study was approved by the authors' Institutional Review Board. The requirement to obtain individual consent was waived because the data were collected retrospectively.
Study Population and Setting
The authors evaluated patients who underwent CABG, aortic valve replacement, mitral valve replacement/repair, and combination valve surgery and CABG requiring cardiopulmonary bypass performed at their institution from January 2008 to April 2011. The authors excluded patients whose preoperative ECG did not show sinus rhythm. They extracted patients' clinical and demographic data through review of medical records. All cardiac surgery patients were on telemetry monitoring for their entire hospitalization.
Definition of OSA
Patients were considered to have OSA if: 1) a sleep study in the medical record documented OSA; 2) two independent sources documented a prior diagnosis of OSA (surgical and anesthesia preoperative history and physical, for example, were considered independent sources; however, a surgical preoperative history and physical and a surgical preoperative update history and physical, for example, were not considered independent sources); or 3) one source documented a prior diagnosis of OSA with explicit documentation of whether the patient was using nocturnal positive airway pressure.
Covariates
Several covariates require clarification. Valve surgery includes any surgery involving the aortic or mitral valve. Although each surgical subtype has different risk of POAF, 2 sample size restrictions would result in underpowered analyses of all subcategories of valve surgery. Current smoker referred to patients who last smoked a cigarette within 4 weeks of surgery. 16 Previous atrial fibrillation includes patients with a preoperative diagnosis of atrial fibrillation or paroxysmal atrial fibrillation but whose preoperative ECG showed sinus rhythm. Patients with cerebral vascular events either had a history of cerebral vascular accident (CVA) or transient ischemic attack (TIA); the authors classified patients with carotid endarterectomy, but without a history of CVA or TIA, as not having a cerebral vascular event. Allogeneic blood transfusion data included only transfusions given prior to incident POAF.
Primary Outcome
The authors defined POAF as atrial fibrillation requiring either pharmacologic treatment or direct current cardioversion. This is consistent with the Society of Thoracic Surgeons' definition with the exception that patients with a history of atrial fibrillation who were in sinus rhythm preoperatively were not excluded from having POAF. The authors determined the timing of incident POAF by reviewing physician and nursing notes, pharmacy records, procedural notes (in cases of direct current cardioversion), and ECG or telemetry strips. The authors reviewed records during the immediate postoperative hospital stay only.
Statistical Methods
Continuous variables were expressed as mean Ϯ SD. Categoric variables were expressed as a number (%). Differences in demographic, comorbid conditions, preoperative medications and laboratory tests, and operative characteristics between patients with and without OSA were tested using the t-test for continuous variables and 2-sided Fisher's exact test or chisquare test for categoric variables.
The authors used Kaplan-Meier methods to explore unadjusted difference in POAF rates between OSA and non-OSA patients. They used Cox proportional hazard analysis to adjust for covariates that differed between the groups in bivariate analyses (p r 0.10) or that previously have been identified as potential confounders. 1 The authors plotted Schoenfeld residuals 17 and regressed them against time to test for violations of proportional hazard assumption for independent predictors of POAF.
The authors compared the following secondary outcomes between OSA patients and non-OSA patients: in-hospital death, cardiac arrest while on telemetry floor, pulmonary embolus or deep vein thrombosis, need for incident postoperative renal replacement therapy, reintubation, intensive care unit readmission, postoperative tracheostomy, cerebral vascular accident or transient ischemic attack, seizures, mediastinal re-exploration, and length of stay. Because of low expected event rates, the authors explored the categoric secondary outcomes' relationship with OSA with univariate logistic regression. Length-ofstays also were presented as mean Ϯ SD; they analyzed the differences with t-test.
All tests were 2-tailed; p values r 0.05 were considered statistically significant. The authors performed all statistical analyses with SAS 9.4 (SAS Institute, Cary, NC).
RESULTS
The authors reviewed a total of 660 records. Preoperative ECG showed 38 records to be atrial fibrillation, 9 atrial flutter, 3 in junctional rhythm, and 8 with atrial pacing. Fiftyseven records did not have an associated preoperative ECG. Excluding these records resulted in a final cohort of 545 patients.
Seventy-two (13%) patients had a preoperative OSA diagnosis. Table 1 shows that a higher proportion of patients with OSA were male and former smokers. Patients with OSA had a significantly higher body mass index (BMI). There were no differences in prevalence of previous atrial fibrillation, cerebral vascular event, and chronic obstructive pulmonary disease. The authors observed no differences in preoperative β-blocker or antiarrhythmic (amiodarone or propafenone) treatment. Table 2 shows that a higher proportion of OSA patients had elective surgery. The distribution of surgical procedures, cardiopulmonary bypass and aortic crossclamp times, and allogeneic blood transfusion treatment were similar between patients with and without OSA. The timing of initiation of postoperative β-blocker appeared similar between the 2 groups; however, there was a large amount of missing data, 8% in the non-OSA group and 10% in the OSA group.
POAF
Forty-one percent of the study population had POAF. The authors observed no difference in the mean postoperative day of incident POAF (OSA: 3.06 Ϯ 2.37 day; without OSA: 2.96 Ϯ 2.11 day, p ¼ 0.77) (Fig 1) .
Forty-eight (67%) patients in the OSA group and 178 (38%) patients without OSA developed POAF (Table 3a) . In time-to-event analyses (Fig 2A) , OSA patients displayed significantly higher POAF rates than patients without OSA (log-rank test, p o 0.001). The adjusted hazard ratio was 1.83 (95% CI: 1.30-2.58, p o 0.001) ( Table 3a) . The authors adjusted for the following potential confounders: age, sex, previous atrial fibrillation, smoking status, elective status, preoperative intra-aortic balloon counterpulsation pump, chronic obstructive pulmonary disease, a history of cerebral vascular event, surgery, and BMI ( Fig 2B) . P values from linear regression of POAF with Schoenfeld residuals for age, previous atrial fibrillation, and OSA were 0.87, 0.60, and 0.96, respectively; this suggests that the proportional hazard assumption was not violated for the independent predictors of POAF. 
Effect of Home Positive Airway Pressure on POAF
Among patients with OSA (n ¼ 72), preoperative home use of nocturnal positive airway pressure (n ¼ 32) was associated with reduced POAF rates, but this association did not reach statistical significance (Table 3b ). The unadjusted hazard ratio Abbreviations: CABG, coronary artery bypass grafting; AVR, aortic valve replacement; MVR, mitral valve replacement or repair; IABP, intra-aortic balloon counterpulsation pump; CPB, cardiopulmonary bypass.
*In those who suffered postoperative atrial fibrillation, transfusion data include only the number of transfusions before incident postoperative atrial fibrillation. If the subject did not suffer postoperative atrial fibrillation, then the number of transfusions equals the total number of transfusions during the hospital stay.
of POAF in patients with OSA who used nocturnal positive airway pressure compared to those who did not was 0.63 (95% CI: 0.35-1.15, p ¼ 0.13).
Secondary Outcomes
In-hospital mortality was significantly higher in patients with OSA (6/72) compared with patients without OSA (5/473) (unadjusted odds ratio 3.82; 95% CI: 1.37-10.67, p ¼ 0.01) ( Table 4) . A higher proportion of patients with OSA suffered cardiac arrest after transfer from the intensive care unit (ICU) (unadjusted odds ratio 28.1; 95% CI: 3.1-255, p o 0.01), were diagnosed with a deep vein thrombosis or pulmonary embolus (unadjusted odds ratio 6.90; 95% CI: 1.69-28.22, p o 0.01), and required renal replacement therapy during hospitalization (unadjusted odds ratio 3.78; 95% CI: 1.23-11.62, p ¼ 0.02). The authors observed no differences in length of initial ICU stay, length of hospital stay, or proportion of patients requiring reintubation or ICU readmissions. The main finding of this study was that a preoperative OSA diagnosis was associated with POAF following cardiac surgery. Patients with OSA who used home nocturnal positive airway pressure had a lower rate of POAF, but this did not reach statistical significance.
The authors' observation that OSA was independently associated with POAF in CABG patients was consistent with other studies. Prior studies by Mooe et al 14 and van Oosten et al 15 observed a 2.8-fold and 1.8-fold increased risk of POAF after CABG surgery in patients with OSA, respectively. Because of the larger sample size, the authors were able to adjust for confounding factors, including BMI and previous atrial fibrillation, both of which have been shown to be associated with sleep apnea and atrial fibrillation in the nonsurgical population. 5, 18, 19 In addition to patients undergoing CABG surgery, the authors also examined the relationship between OSA and POAF among patients undergoing valve surgery. The observed interaction between OSA, and surgery type in relation to POAF requires further discussion. The authors speculate that atrial morphology may mediate the interaction. Atrial size is known to be associated with both atrial fibrillation and OSA. 8, 9 In a nonsurgical retrospective cohort, Tsang et al observed a 43% increased risk of atrial fibrillation associated with a 30% larger left atrial volume measured by transthoracic echocardiogram. 20 Otto and colleagues observed a significantly larger left atrial volume index in obese patients with moderate-to-severe OSA compared to obese patients without OSA 21 ; interestingly, work from several groups suggested that atrial remodeling associated with OSA is reversible with PAP treatment. 22, 23 Chronic aortic and mitral valve lesions result in left atrial remodeling. Thus, compared to hearts with only coronary artery disease, the effect of OSA on left atrial morphology may be less evident in the presence of chronic aortic or mitral valve pathology. The authors were unable to investigate the role of atrial morphology in the relationship between OSA and POAF because echocardiographic details of atrial morphology were incomplete during the sampling frame. Future studies should address atrial morphology as a confounder to the relationship between OSA and POAF. Nonetheless, this report adds to the small but growing body of evidence that OSA is a significant predictor of POAF in cardiac surgery patients.
Most POAF predictors are not modifiable. 1 Whether or not the risk of POAF associated with OSA is modifiable remains unresolved. The possibility is intriguing as OSA treatment has been shown to be effective in treating refractory atrial fibrillation, 22 to result in beneficial cardiac remodeling, 23 and to reduce serum inflammatory cytokine levels. 24 The authors did not observe a statistically significant difference in the rate of POAF among patients with OSA who did or did not use home nocturnal positive airway pressure. First, this study was inadequately powered to test the null hypothesis that nocturnal positive airway pressure has no effect on the rate of POAF. Second, they did not have reliable data on whether or not patients were adherent with nocturnal positive airway pressure treatment during hospitalization. If postoperative nocturnal positive airway pressure ventilation has a significant effect on POAF, then using home nocturnal positive airway pressure as the predictor would be inadequate. Third, although positive airway pressure usage of four or more hours was documented, the frequency of usage was undocumented; thus, the authors cannot quantify adherence to positive airway pressure therapy, which may result in misclassification. The question of whether or not nocturnal positive airway pressure is effective in reducing the POAF rate in patients with OSA should be explored in future investigations.
Among the secondary outcomes, in-hospital death and outof-ICU cardiac arrest deserve additional comment. Among the 6 patients with OSA who died prior to discharge, 3 had prolonged ICU courses with multiorgan system failure. However, 3 patients suffered cardiac arrest while recovering in the telemetry unit (1 ventricular fibrillation, and 2 had pulseless electrical activity). In addition, 1 patient with OSA suffered asystole, required chest compressions and ICU readmission, and was discharged with a permanent pacemaker. In contrast, of the 5 patients who died prior to discharge without OSA, 4 died with multiorgan without leaving the ICU postoperatively with system failure. Autonomic dysfunction in patients with OSA predisposes them to cardiac arrhythmias including ventricular arrhythmias, bradycardia, and heart block. 25, 26 Furthermore, in a large longitudinal study in a non-surgical cohort, presence and severity of OSA were observed to be predictors of sudden cardiac death. 27 Whether or not recent cardiac surgery with extracorporeal circulation increases myocardial vulnerability to the insults from OSA is unknown. The authors' observation is hypothesis-generating.
LIMITATIONS
The retrospective study design likely resulted in misclassification of some patients. It is more likely patients with OSA were misclassified as not having OSA rather than vice versa. The authors cannot exclude the possibility of differential misclassification, an unaccounted-for factor associated with decreased risk of POAF and decreased likelihood of OSA recognition, resulting in overestimation of the association between OSA and POAF. They believe the misclassification is likely nondifferential, which would not alter their conclusions.
Furthermore, they were limited by the lack of formal sleep study data in the majority of the cohort with OSA. First, being a referral center, many of their cardiac surgery patients receive their primary care at other institutions; sleep study data from other institutions are not available to the authors. Second, for patients who had a sleep study performed at the authors' institution prior to 2007, paper copies of the sleep study may not have been scanned into the electronic medical record. Thus, in the majority of patients with an OSA diagnosis, the authors were unable to classify the severity of OSA or identify patients with mixed (central and obstructive) sleep apnea syndrome; the authors were not able to investigate the relationship between OSA severity and risk of POAF. This may be important because recent evidence suggests an association between OSA severity and refractory atrial fibrillation in the nonsurgical population.
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Because the authors only reviewed inpatient records related to the surgery, patients who develop POAF after hospital discharge would not have been classified as having POAF, 
